Preparation and evaluation of fiber metal nickel battery plaques  third quarterly progress report, feb. 1 - apr. 30, 1965 by Fisher, J. I. & Bidler, J. L.
1 
(ACCESSION NUMBER) 
I IPAOESI ICODLI / u  
(NASA CR OR TUX OR AD NUMBER)  
GPO PRICE $ 
OTS PRICE(S) $ 
Hard copy (HC) /. 0 
Microfiche (MF) -n 
\ 
NATONAL AERYAUTICS and SPACE ADM!NISTRATlON 
1 
CONTRACT NAS 
1 . .  
3-6006 
HUKK @ METALS 
A DEPARTMENT Of HUYCK CORPORATION 
https://ntrs.nasa.gov/search.jsp?R=19650016420 2020-03-17T01:42:25+00:00Z
NOTICE 
This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics and 
Space Administration (NASA), nor any person acting on behalf 
of NASA: 
A.1 Makes any warranty or representation, expressed or im- 
plied, with respect to the accuracy, completeness, or 
usefulness of thc information contained in this report, 
or that the use of any information, apparatus, method, 
or process disclosed in this report may not infringe 
privately owned rights; or 
Assumes any liabilities with respect to the use of, or for 
damages resulting from the use of any information, 
apparatus, method or process disclosed in this report. 
As used above, “person acting on behalf of NASA“ includes ahy 
employee or contractor of NASA, or employee of such contractor, 
to the extent that such employee or contractor of NASA, or em- 
ployee of such contraelor prepares, disseminates, or provides access 
to, any Mormccrlon punwnt to his employment or contract with 
NASA, or his employment with such contractor. 
B. 
CASE FILE COPY 
REQUESTS F O R  COPIES OF THIS REPORT SHOULD BE REFERRED 1 0 s  
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
OFFICE OF SCIENTIFIC AND TECHNICAL INFORMATION 
WASHINGTON, D. C. 10546 
ATTENTION: AFS-A 
\ 
NASA CR- 544 14 
H u y c k  805 (F3-25) 
T H I R D  QUARTERLY PROGRESS REPORT 
PREPARATION and EVALUATION 
of 
F I B E R  METAL NICKEL BATTERY PLAQUES 
by 
J. L. B i d l e r  and J. I .  F i s h e r  
Prepared for 
NATIONAL AERONAUTICS and SPACE ADMINI STRATION 
February  1, 1965, t o  A p r i l  30, 1965 
CONTRACT N A S 3 - 6 0 0 6  
Technica l  M a n a g e m e n t  
NASA L e w i s  R e s e a r c h  C e n t e r  
C l e v e l a n d  O h i o  
Space P o w e r  S y s t e m s  D i v i s i o n  
W i l l i a m  A.  R o b e r t s o n  MS 500-201 
HUYCK METALS COMPANY 
of H W C K  CORPORATION 
P.0, B o x  30 
Milford,  C o n n e c t i c u t  
TABLE of CONTENTS 
Page . 
I . SUMMARY ........................................ 1 
I1 . INTRODUCTION ................................... 2 
I11 . EXPERIMENTAL PROCEDURES and APPARATUS .......... 4 
..... Task A . Raw M a t e r i a l  C la s s i f i ca t ion  4 
Task B . S i n t e r i n g  Study ................. 4 
........... Task C . Plaque  C l a s s i f i c a t i o n  4 
I V  . EXPERIMENTAL RESULTS and DISCUSSION ............ 5 
Task A . Raw Material C l a s s i f i c a t i o n  ..... 5 
Task B . S i n t e r i n g  Study ................. 6 
Temperature ............... 6 
Temperature ............... 7 
1 . P o r o s i t y  v e r s u s  S i n t e r i n g  
2 . Pore S i z e  v e r s u s  S i n t e r i n g  
3 . S u r f a c e  Area and E l e c t r i c a l  
R e s i s t i v i t y  v e r s u s  
S i n t e r i n g  Temperature  .. o .  8 
Task C . Plaque C l a s s i f i c a t i o n  ........... 11 
Task D . Plaque  Samples ................... 11 
V. FUTURE WORK .................................... 12 
V I  . BIBLIOGRAPHY ................................... 13 
. V I 1  . APPENDIX ....................................... 14 
V I 1 1  0 DISTRIBUTION LISTO ............................ .15 
LIST of TABLES and FIGURES 
TABLES Page 
TABLE I .  Summary of  Frequency T a b u l a t i o n  5 
Data o f  Length and Apparent 
Diameter o f  A X 1 ,  AX2,  A X 1 3  and 
A X 1  Modified Nicke l  F i b e r .  
TABLE 11. Dens i ty  v e r s u s  S i n t e r i n g  
Temperature for A X 1 3  and A X 1  
Modified Nicke l  F i b e r  Metal 
P laques  
TABLE 111. Median Pore S i z e  and Volume o f  
P o r o s i t y  Due t o  Pores 10 t o  50 
Microns i n  D i a m e t e r  f o r  A X 1 ,  A X 2 ,  
A X 1 3  and A X 1  Modified Nickel 
F i b e r  Metal P laques  as a Funct ion  
of  S i n t e r i n g  Temperature.  
6 
7 
TABLE I V .  I n t e r n a l  Su r face  Area and Electrical  8 
R e s i s t i v i t y  of  A X 1 ,  A X 2 ,  A X 1 3 ,  and 
A X 1  Modified Nicke l  F i b e r  Metal 
B a t t e r y  P laques  as a Func t ion  of  
S i n t e r i n g  Temperature.  
TABLE V. Dens i ty  and Elec t r ica l  R e s i s t i v i t y  11 
of  A X 1  and AX2 Nickel F iber  Metal 
B a t t e r y  P laques  S i n t e r e d  a t  1900k15"F 
f o r  20 Minutes.  
FIGURES 
F i g .  1 E lec t r i ca l  R e s i s t i v i t y  v e r s u s  10 
Dens i ty  o f  AX2 Nicke l  F i b e r  Metal. 
An experiment  t o  more c l e a r l y  d e f i n e  t h e  e f f e c t  o f  f i b e r  
s ize  upon i n t e r n a l  s u r f a c e  area and po re  s ize  of  n i c k e l  
f i b e r  metal p l a q u e s  has  been completed by s e p a r a t i n g  t h e  
f i n e s t  f i b e r s  from A X 1  n i c k e l  f i be r .  Two t e c h n i q u e s  were 
used f o r  s e p a r a t i o n .  The f i r s t ,  a l a b o r a t o r y  t e c h n i q u e ,  
s e p a r a t e s  acco rd ing  t o  f i b e r  l e n g t h .  The f i n e ,  short  f i b e r s  
o b t a i n e d  by t h i s  method r e s u l t e d  i n  a p laque  w i t h  a n  i n c r e a s e d  
i n t e r n a l  s u r f a c e  area and smaller p o r e s  a t  t h e  expense of  
p o r o s i t y .  The second method, a p r o d u c t i o n  t e c h n i q u e ,  
s e p a r a t e s  acco rd ing  t o  f i b e r  diameter. P l aques  made from 
t h i s  material have i n c r e a s e d  i n t e r n a l  s u r f a c e  area w i t h  no 
s i g n i f i c a n t  change i n  po re  s ize  or p o r o s i t y .  
S i n t e r i n g  pa rame te r s  of 1900k15"F for 20 minu tes  i n  d r y  
hydrogen have been established fo r  n i c k e l  f i b e r  metal b a t t e r y  
p l a q u e s .  T h i s  p r o c e s s i n g  r e s u l t s  i n  maximum i n t e r n a l  s u r f a c e  
area and t e n s i l e  s t r e n g t h  and minimum electr ical  r e s i s t i v i t y  
w i t h o u t  s i g n i f i c a n t l y  i n c r e a s i n g  t h e  d e n s i t y .  
A i r  p e r m e a b i l i t y  d e t e r m i n a t i o n s  of  i n t e r n a l  s u r f  ace area 
have been supplemented by a modi f ied  B.E.T. Krypton t e c h n i q u e .  
A measurement of A X 1  n i c k e l  f i b e r  s i n t e r e d  a t  1900+15"F f o r  
20 minu tes  i n d i c a t e d  an  i n t e r n a l  s u r f a c e  area o f  590 Cma/gm 
by t h e  B.E.T. method as compared w i t h  370 cm2/gm f o r  t h e  a i r  
p e r m e a b i l i t y  c a l c u l a t i o n .  
P l a q u e s  of A X 1  and AX2 n i c k e l  f i b e r  metal have been  produced 
a t  a t h i c k n e s s  of  0.028-t.001 and s i n t e r e d  f o r  20 minutes  i n  
d r y  hydrogen. P laque  c l a s s i f i c a t i o n  t e s t s  have been i n i t i a t e d  
and p r e l i m i n a r y  r e s u l t s  compare f a v o r a b l y  w i t h  t h e  r e s u l t s  
o b t a i n e d  from t h e  s i n t e r i n g  s t u d y .  
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I I .  INTRODUCTION 
T h i s  program, f o r  t h e  p r e p a r a t i o n  and e v a l u a t i o n  of f i b e r  
metal n i c k e l  b a t t e r y  p l aques  is  in t ended  t o  d e f i n e  t h e  raw 
material  character is t ics  of n i c k e l  f i b e r  metal and t h e  
p rocess ing  parameters  r e q u i r e d  t o  produce b a t t e r y  p laques .  
The r e s u l t i n g  p laques  are t o  be c l a s s i f i e d  as t o  i n t e r n a l  
s u r f a c e  area,  t e n s i l e  s t r e n g t h ,  e lec t r ica l  r e s i s t i v i t y ,  
p o r o s i t y  and f l e x i b i l i t y .  
The program o u t l i n e  d e f i n e s  f o u r  major work areas, Tasks  
A-D, which are summarized below a l o n g  w i t h  t h e  c u r r e n t  s t a t u s  
o f  each Task and t h e  work performed d u r i n g  t h i s  r e p o r t i n g  
p e r i o d .  
Task A Raw Material C h a r a c t e r i z a t i o n  
Each r a w  material  is t o  be characterized as t o  par t ic le  s i ze ,  
shape, and pa r t i c l e  s ize  d i s t r i b u t i o n .  The pr imary  r a w  
materials, t w o  g r a d e s  o f  n i c k e l  f i b e r  d i f f e r i n g  i n  appa ren t  
d i a m e t e r ,  have been characterized i n  p r e v i o u s  reports .  T h i s  
report  i n c l u d e s  t h e  c h a r a c t e r i z a t i o n  o f  t h a t  p o r t i o n  o f  one 
o f  t h e  f i b e r  grades t h a t  c o n t a i n s  t h e  smallest diameter f ibe r s .  
Task B S i n t e r i n g  Study 
T h i s  Task is d i rec ted  toward  de t e rmin ing  t h e  h ighes t  s i n t e r i n g  
temperature that  w i l l  r e s u l t  i n  a n  a c c e p t a b l e  amount o f  s h r i n k -  
a g e  when t h e  s i n t e r i n g  t i m e  is h e l d  c o n s t a n t  a t  20 minutes .  
The o p t i m u m  s i n t e r i n g  t empera tu re  has been  es tabl ished f o r  t h e  
r a w  materials employed by measuring p o r e  s ize ,  pore s ize  
d i s t r i b u t i o n ,  i n t e r n a l  s u r f a c e  area, e lectr ical  r e s i s t i v i t y ,  
and t e n s i l e  s t r e n g t h  as a f u n c t i o n  o f  s i n t e r i n g  t empera tu re .  
T h i s  r e p o r t  c o n t a i n s  t h e  r e s u l t s  o b t a i n e d  from t h e  s m a l l  
diameter f i b e r s  described above, as w e l l  as t h e  r e s u l t s  o b t a i n e d  
p r e v i o u s l y  for t h e  t w o  pr imary r a w  materials. 
Task C - Plaque  C l a s s i f i c a t i o n  
P l a q u e s  of t h e  r a w  material d e s c r i b e d  above are t o  be 
processed as t h e  r e s u l t s  of T ask B d i c t a t e  and t h e  p l aque  
c l a s s i f i c a t i o n  t e s t  performed. The p l a q u e s  produced t o  d a t e  
and t h e  c l a s s i f i c a t i o n  r e s u l t s  o b t a i n e d  are i n c l u d e d  i n  t h i s  
report .  
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Task D - Plaque Samples 
I t  is d e s i r e d  t h a t  samples  of t h e  p l aques  c l a s s i f i e d  t o  
Task C be f u r n i s h e d  t o  t h e  NASA P r o j e c t  Manager when t h e y  
are a v a i l a b l e .  No samples have been f u r n i s h e d  t o  date .  
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111. EXPERIMENTAL APPARATUS and PROCEDURES 
Task A - Raw Material C l a s s i f i c a t i o n  
The t echn iques  and a p p a r a t u s  used t o  c l a s s i f y  t h e  r a w  
materials employed i n  t h i s  program have been described i n  
t h e  F i r s t  and Second Q u a r t e r l y  P r o g r e s s  Repor t s .  These 
t e c h n i q u e s  have been used t o  de t e rmine  t h e  l e n g t h  and a p p a r e n t  
d i a m e t e r  of t w o  m o d i f i c a t i o n s  of A X 1  n i c k e l  f i b e r .  
Task B - S i n t e r i n g  Study 
The a p p a r a t u s  used t o  conduct  t h e  s i n t e r i n g  s t u d y  w a s  
d e s c r i b e d  i n  t h e  F i r s t  Q u a r t e r l y  P r o g r e s s  Repor t .  The 
s i n t e r i n g  t i m e  h a s  been h e l d  c o n s t a n t  a t  20 minu tes  f o r  a l l  
t e s t s  made and t h e  atmosphere h a s  been d r y  hydrogen. 
P l aques  of  two m o d i f i c a t i o n s  of A X 1  n i c k e l  f i b e r  have been 
s i n t e r e d  at  1600"F, 1800°F, 2000"F, and 2150°F t o  de te rmine  
t h e  e f f e c t  o f  s i n t e r i n g  t empera tu re  upon d e n s i t y  and t o  
p r o v i d e  samples f o r  p o r e  s ize ,  p o r e  s ize  d i s t r i b u t i o n ,  
e lec t r ica l  r e s i s t i v i t y ,  and i n t e r n a l  s u r f a c e  area measurements. 
Task C - Plaque  C l a s s i f i c a t i o n  
P r e l i m i n a r y  p laque  c l a s s i f i c a t i o n  tes ts  have been made i n  
c o n j u n c t i o n  w i t h  t h e  s i n t e r i n g  s t u d y ,  Task B, t o  de te rmine  
t h e  e f f e c t  o f  s i n t e r i n g  t empera tu re  upon p laque  c h a r a c t e r i s t i c s .  
The t e c h n i q u e s  f o r  de t e rmin ing  po re  s i ze ,  po re  s ize  d i s t r i b u t i o n ,  
d e n s i t y ,  i n t e r n a l  s u r f a c e  area, t e n s i l e  s t r e n g t h  and e l ec t r i ca l  
r e s i s t i v i t y  were d e s c r i b e d  i n  t h e  F i r s t  and Second Q u a r t e r l y  
P r o g r e s s  Repor ts .  
A sample of A X 1  n i c k e l  f i b e r  metal w a s  submi t t ed  t o  Nuclear  
Materials and Equipment Corpora t ion ,  Apol lo ,  Pennsy lvan ia ,  for 
a s u r f a c e  area d e t e r m i n a t i o n  u s i n g  a modi f ied  B.E,T. 
developed by A. C .  Nyce, J. E.  S c o t t  and B. L. Vondra, Jr. techniYfe 
( l ' s u p e r s c r i p t s  r e f e r  t o  s i m i l a r l y  numbered e n t r i e s  i n  
t h e  b i b l i o g r a p h y .  
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I V .  EXPERIMENTAL RESULTS and DISCUSSION 
Apparent Diameter - Microns 
.Mean Median Dev ia t ion  Range 
Standard  
Task A - R a w  M a t e r i a l  C l a s s i f i c a t i o n  
Mean 
An e v a l u a t i o n  of t h e  e f f e c t  of f i b e r  s i ze  upon t h e  i n t e r n a l  
s u r f a c e  area, pore s i ze ,  and pore s i ze  u n i f o r m i t y  of n i c k e l  
f i b e r  metal b a t t e r y  p laques  w a s  i n i t i a t e d  by s e p a r a t i n g  A X 1  






Two methods are a v a i l a b l e  f o r  s e p a r a t i n g  f i b e r  metal i n t o  
s i ze  r a n g e s .  The f i r s t  , a l a b o r a t o r y  t e c h n i q u e ,  s e p a r a t e s  
acco rd ing  t o  l e n g t h .  T h i s  method w a s  u sed  t o  o b t a i n  a r a p i d  
d e t e r m i n a t i o n  of t h e  deg ree  of  improvement t h a t  could be 
expec ted  from u s i n g  s m a l l  d i a m e t e r  f i b e r s .  The f i n e s t  
f r a c t i o n  of A X 1  n i c k e l  f i b e r  s e p a r a t e d  by t h i s  method w a s  
o b t a i n e d  and d e s i g n a t e d  AX13. The second method f o r  f i b e r  
s e p a r a t i o n  s e p a r a t e s  accord ing  t o  f i b e r  d i a m e t e r .  The f i n e s t  
f r a c t i o n  of A X 1  n i c k e l  f i b e r  o b t a i n e d  by t h i s  method w a s  
d e s i g n a t e d  A X 1  Modif ied.  





The f r a c t i o n  of  f i b e r s  ob ta ined  by t h e  f i r s t  method, A X 1 3 ,  
c o n t a i n s  t h e  smallest d iameter  and t h e  s h o r t e s t  f i b e r s  of 
A X 1  n i c k e l  f i b e r .  The f r a c t i o n  of f i b e r s  o b t a i n e d  by t h e  
second method,  A X 1  Modified,  c o n t a i n s  t h e  smallest  diameter 




A summaryof t h e  f requency  t a b u l a t i o n  d a t a  of t h e  l e n g t h  and 
appa ren t  d i a m e t e r  of AX1,  AX2, A X 1 3 ,  and A X 1  Modified is 
shown i n  Table  I .  
5-7.5 10.3 1-50 139 
10-12.5 11.5 1-50 159 
9-11 9 .3  1-40 121  
Material 
I .  
A X 1  
AX2 
A X 1 3  
A X 1  
Modified 
Summary of Frequency T a b u l a t i o n  D a t a  of Length 
and Apparent D i a m e t e r  of AX1,  AX2, A X 1 3 ,  and A X 1  Modified 
N i c k e l  F i b e r  
Length - Microns 
IStandard I 
13.71 8.75L24 10 11-45 I 215 
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The mean and median appa ren t  d i ame te r  of A X 1 3  and A X 1  
Modified a r e  shown t o  be l a r g e r  t h a n  t h e  mean and median 
appa ren t  d i ame te r  of A X 1  n i c k e l  f i b e r .  T h i s  anomaly c a n  
be  exp la ined ,  i n  p a r t ,  by t h e  o b s e r v a t i o n  t h a t  many of  t h e  
small, s y m e t r i c a l l y  shaped,  p a r t i c l e s  were e l i m i n a t e d  and 
t h a t  t h e  number of s m a l l  f i b e r s  is  much g r e a t e r  t h a n  t h e  
number of l a r g e  f i b e r s .  Consequent ly ,  a s t a t i s t i c a l  
d e s c r i p t i o n  is  more h e a v i l y  weighted by t h e  s m a l l  f i b e r s  
and t h e  mean and median appa ren t  diameter of a l l  t h r e e  
materials, A X 1 ,  A X 1 3 ,  and A X 1  Modif ied,  should  be  expec ted  
t o  be  similar.  
The s i g n i f i c a n c e  of  t h e  d i f f e r e n c e  i n  f i b e r  l e n g t h  between 
A X 1 3  and A X 1  Modified is  d i s c u s s e d  under Task B. 
These data of t h e  d e s c r i p t i o n  of A X 1 3  and A X 1  Modified n i c k e l  
f i b e r  complete Task A of t h e  c o n t r a c t .  
Task B - S i n t e r i n g  Study 
1. P o r o s i t y  vs S i n t e r i n g  Temperature 
P laques  of A X 1 3  and A X 1  Modified n i c k e l  f i b e r  metal were 
s i n t e r e d  a t  1600"F, 1800°F, 2000°F, and 2150°F f o r  20 minutes  
i n  d r y  hydrogen. The e f f e c t  of s i n t e r i n g  t empera tu re  upon 
d e n s i t y  is shown i n  Table  11. 
TABLE I1 
Dens i ty  v e r s u s  S i n t e r i n g  Temperature f o r  
A X 1 3  and A X 1  Modified Nicke l  
M a t e r i a l  
A X 1 3  
A X 1  
Modified 
S i n t e r i n g  










Fiber  Metal P laques  
Dens i ty  






9 .3  
9.8 
10.5 
I t  is appa ren t  t h a t  t h e  r e t e n t i o n  of  long f i b e r s  i n  t h e  
A X 1  Modified material  s i g n i f i c a n t l y  d e c r e a s e s  t h e  d e n s i t y .  
For t h e  same weight  of n i c k e l ,  a b a t t e r y  p laque  t h a t  is  
10% dense  can  t h e o r e t i c a l l y  hold twice as  much act ive 
material as a b a t t e r y  plaque 18% dense.  T h i s  f a c t o r  would 
be impor tan t  i n  a p p l i c a t i o n s  where weight must be  minimized. 
2. Pore  S i z e  v e r s u s  S i n t e r i n g  Temperature 
The median p o r e  s i z e  and t h e  p e r  c e n t  of  t h e  p o r o s i t y  d u e  t o  
p o r e s  10 t o  50 microns i n  diameter are shown i n  Tab le  I11 f o r  
A X 1 3  and A X 1  Modified n i c k e l  f i b e r  metal p l aques ,  a l o n g  w i t h  
t h e  d a t a  p r e v i o u s l y  ob ta ined  f o r  A X 1  and AX2 n i c k e l  f i b e r  
metal b a t t e r y  p l aques .  
TABLE I11 
Median Pore  S i z e  and Volume of  P o r o s i t y  Due t o  
Pores  10 t o  50 Microns i n  D i a m e t e r  f o r  A X 1 ,  A X 2 ,  
A X 1 3 ,  and A X 1  Modified Nicke l  F i b e r  Metal P laques  
Material 
A X 1  
AX2 
A X 1 3  
A X 1  
Modified 
3 a Funct ion  
S i n t e r i n g  

















S i n t e r i n g  Ten 
Median Pore  











2 1  





Nerat u r e  
Volume of P o r e s  










4 1  
42 
4 1  
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These pore s i z e  measurements for A X 1 3  and A X 1  Modified 
n i c k e l  p laques  were made a t  t h e  d e n s i t i e s  shown i n  Table 11. 
The s h o r t  f i b e r s ,  AX13, r e s u l t  i n  a p laque  w i t h  a smaller 
po re  s ize .  I t  is appa ren t  t h a t ,  by c o n t r o l l i n g  t h e  f i b e r  
s i z e  and t h e  d e n s i t y ,  n i c k e l  f i b e r  metal b a t t e r y  p l a q u e s  
can  be  produced wi th  a broad r ange  of median po re  sizes.  
Sur face  Area 
cm2/gm 
I n c r e a s i n g  s i n t e r i n g  t empera tu re  i n  g e n e r a l ,  t e n d s  t o  s l i g h t l y  
i n c r e a s e  t h e  median po re  s i z e ,  b u t  has  l i t t l e  e f f e c t  upon t h e  
p e r  c e n t  of t h e  p o r o s i t y  d u e  t o  p o r e s  10 t o  50 microns i n  
d i a m e t e r .  
E lec t r ica l  R e s i s t i v i t y  
Microhm-cm 
a t  15% Dense 
3. Surface  Area and Elec t r ica l  R e s i s t i v i t v  
ve r sus  S in t e r ing .  T e m D e r a t u r e  
I n t e r n a l  s u r f a c e  area data ,  o b t a i n e d  from a i r  p e r m e a b i l i t y  
measurements, and t h e  e l ec t r i ca l  r e s i s t i v i t y  of  A X 1 ,  AX2,  
A X 1 3 ,  and A X 1  Modified n i c k e l  f i b e r  metal b a t t e r y  p l a q u e s  
are shown i n  Table  I V  as  a f u n c t i o n  of s i n t e r i n g  t empera tu re .  
TABLE I V  
I n t e r n a l  Su r face  Area and Elec t r ica l  R e s i s t i v i t y  
of A X 1 ,  A X 2 ,  A X 1 3 ,  and A X 1  Modified Nicke l  F i b e r  
Metal B a t t e r y  P laques  as a Func t ion  of S i n t e r i n g  
Material 
A X 1  
AX2 
A X 1 3  
A X 1  
Modified 
S i n t e r i n g  




















































The e lectr ical  r e s i s t i v i t y  da ta  have been normalized t o  
15% d e n s i t y  because t h e  vary ing  s i n t e r i n g  t empera tu res  
(2) t h a t  r e s u l t  i n  va ry ing  d e n s i t i e s .  I t  has been shown 
t h e  e lec t r ica l  r e s i s t i v i t y  of f i b e r  metal composi tes  is 
dependent upon t h e  d e n s i t y  of t h e  composi te  and no t  upon 
t h e  c o n t a c t  s e c t i o n .  The data i n  t h e  above r e f e r e n c e d  
work were o b t a i n e d  a t  r e l a t i v e l y  h igh  d e n s i t i e s .  The d a t a  
shown i n  F i g u r e  1, a p l o t  of e l ec t r i ca l  r e s i s t i v i t y  v e r s u s  
d e n s i t y  f o r  AX2 n i c k e l  f i b e r  metal ,  i n d i c a t e  t h a t  a t  low 
d e n s i t i e s  t h e  r e s i s t i v i t y  is n o t  p r o p o r t i o n a l  t o  d e n s i t y .  
Normalizing t h e  data  t o  15% d e n s i t y  i n  Table  I V  does  n o t  
r e s u l t  i n  accurate da t a ,  but does  g i v e  an i n d i c a t i o n  of t h e  
d i f f e r e n c e  i n  e l e c t r i c a l  r e s i s t i v i t y  between t h e  d i f f e r e n t  
f i be r  g rades .  The a c t u a l  r e s i s t i v i t i e s  and t h e  d e n s i t i e s  
a t  which t h e y  were obta ined  are  inc luded  i n  t h e  appendix.  
The i n t e r n a l  s u r f a c e  area of A X 1 3  and A X 1  Modified n i c k e l  
f i b e r  metal p l aques  is g r e a t e r  t h a n  t h a t  o f  A X 1  and AX2 
n i c k e l  f i b e r  metal p laques  ove r  t h e  s i n t e r i n g  r ange  s t u d i e d .  
The e lec t r ica l  r e s i s t i v i t y  of A X 1 3  n i c k e l  f i b e r  metal is 
lower t h a n  t h e  o t h e r  t h r e e  materials a t  a l l  s i n t e r i n g  
t empera tu res  s t u d i e d .  The i n c r e a s e d  s u r f  ace area and 
decreased e lec t r ica l  r e s i s t i v i t y  a t  t h e  expense o f  p o r o s i t y  
f o r  A X 1 3  n i c k e l  f i b e r  metal  i s  similar t o  t h a t  exper ienced  
w i t h  some g r a d e s  of  n i c k e l  powder p laques(3) .  
The electrical  r e s i s t i v i t y  of A X 1  Modified n i c k e l  f i b e r  
metal is t h e  same as t h a t  of A X 1  n i c k e l  f i b e r  metal a t  
s i n t e r i n g  t empera tu res  of  1800°F and g r e a t e r .  The combinat ion 
o f  h igh  p o r o s i t y  and inc reased  s u r f a c e  area i n  c o n j u n c t i o n  
w i t h  p r o c e s s  c a p a b i l i t i e s  i n d i c a t e  t h a t  t h e  A X 1  Modified 
n i c k e l  f i b e r  metal should  be inc luded  i n  t h e  program and 
p l aque  c l a s s i f i c a t i o n  t e s t  be made a t  a s i n t e r i n g  t empera tu re  
of  1900 OF. 
I n t e r n a l  s u r f a c e  area measurements, u s i n g  a i r  p e r m e a b i l i t y  
t e c h n i q u e s ,  have been supplemented by a B.E.T, Krypton 
d e t e r m i n a t i o n .  A sample of A X 1  n i c k e l  f i b e r  metal s i n t e r e d  
a t  1900+15"F f o r  20 minutes w a s  submi t t ed  t o  Nuclear Materials 
and Equipment Corpora t ion  f o r  a g a s  a d s o r p t i o n  s u r f a c e  area 
d e t e r m i n a t i o n .  A i r  pe rmeab i l i t y  c a l c u l a t i o n s  i n d i c a t e d  an  
area of 370 cm2/gm. 
590 cm2/gm. These r e s u l t s  show t h e  d i f f i c u l t y  exper ienced  i n  
a c c u r a t e l y  de t e rmin ing  t h e  s u r f a c e  area of  materials i n  t h e  
100-1000 cm2/gm r a n g e  and i n d i c a t e  t h a t  t h e  most s a t i s f a c t o r y  
t e s t  for n i c k e l  f i b e r  meta l  b a t t e r y  p l aques  would be t o  
e v a l u a t e  them as e l e c t r o d e s  i n  a b a t t e r y .  
Krypton a d s o r p t i o n  i n d i c a t e d  an  area of 
-9- 
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Figure 1 
Electrical R e s i s t i v i t y  versus  Densi ty  






Dens i ty ,  % of T h e o r e t i c a l  
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The data accumulated t o  d a t e  have been used t o  e s t a b l i s h  
t h e  optimum s i n t e r i n g , p a r a m e t e r s  of 1900k15"F f o r  20 minutes  
i n  d r y  hydrogen f o r  AX1,  AX2 and A X 1  Modified n i c k e l  f i b e r  
metal b a t t e r y  p l aques .  
of  t h e  c o n t r a c t .  
T h i s  d e t e r m i n a t i o n  comple tes  Task B 
Densi ty  
Mater i a1 % of T h e o r e t i c a l  
Task C - Plaque C l a s s i f i c a t i o n  
Electr ical  
R e s i s t i v i t y  
Microhm-cm 
P laques  of A X 1  and AX2 n i c k e l  f i b e r  metal have been made a t  
a t h i c k n e s s  of  0.028k.001 inches and s i n t e r e d  a t  1900°F f o r  
20 minutes .  
The c l a s s i f i c a t i o n  t es t s  performed t o  da te  are d e n s i t y  
d e t e r m i n a t i o n s  and e l e c t r i c a l  r e s i s t i v i t y  measurements. 
These data are shown i n  Table V. 
TABLE V 





AX2 12.0 I 562 
544 
Ave. 553 I 
Task D - Plaque Samples 
Samples o f  p l a q u e s  c l a s s i f i e d  i n  Task C w i l l  be  f u r n i s h e d  
t o  the  NASA P r o j e c t  D i r e c t o r .  
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V. FUTURE WORK 
Work dur ing  t h e  nex t  r e p o r t i n g  p e r i o d  w i l l  be d i r e c t e d  
toward : 
1. Obta in ing  p l aques  o f  A X 1  Modified 
n i c k e l  f i b e r  metal f o r  c l a s s i f i c a t i o n  
t e s t i n g .  
2. Continued c l a s s i f i c a t i o n  t e s t i n g  of 
A X 1  and AX2 n i c k e l  f i b e r  metal 
plaques.  
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UNNORMALIZED RESISTIVITIES and 
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Material Temperature OF % of T h e o r e t i c a l  Microhm-cm 
A X 1  
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A X 1 3  
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A X 1  Modified 1600 
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